A revisedscheme is described for evaluating automatic instruments used in clinical chemistry. Procedures are outlined for the assessment of mechanical and electrical features, and measurement of the accuracy and precisionof individual units. Methods are givenfor the measurementof analytical precision, carryover, cross-contamination, accuracy, and linearity. The safety of equipment and methods of assessing costs are discussed, and the importance of subjective features is noted.
A revisedscheme is described for evaluating automatic instruments used in clinical chemistry. Procedures are outlined for the assessment of mechanical and electrical features, and measurement of the accuracy and precisionof individual units. Methods are givenfor the measurementof analytical precision, carryover, cross-contamination, accuracy, and linearity. The safety of equipment and methods of assessing costs are discussed, and the importance of subjective features is noted.
The generalprinciplesof the evaluationschemeshould be applicable to other types of equipment.
Electrical and mechanicalsafety but modifications may be required for specialised instruments (for example centrifuges or flame photometers) and those of novel principle. It is not necessary to carry out all tests on all instruments, but a selection should be made to reduce the testing time. Thus, simple tests may detect a weakness or fault but further investigation to overcome this fault may not be warranted.
A short description of the instrument should be given with brief details of operating principles, size, layout, construction, design of individual units, facilities included, and any special services required in the laboratory.
Before using the instrument, tests for electrical safety should be carried out on all appropriate components in accordance with a recognised code of practice. Some important points to be considered are:
(a) Checking of the earthing system for low impedance, leakage currents, and high current capability.
(b) Protection of operators from A.C. mains voltage shock by ensuring that external wiring and terminals are properly insulated and that no internal electrically-live points are accessible from the outside.
(c) Protection of all exposed electrical points against possible leakage or spillage of conducting liquids or corrosive reagents.
(d) Provision of warning notices, safety switches, pilot lamps, and properly rated fuses.
(e) Checking that electrical wiring is not weakened or contacts loosened by vibration from moving parts.
Mechanical hazards depend on the design and construction of the instrument and the quality of its materials. Exposed moving parts, sharp edges, and projections are the commonest risks. An assessment should be made of these during normal operation, 207
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ELECTRICAL AND MECHANICAL EVALUATION
Where possible, dependability and safety of an instrument should be tested before evaluation in a clinical laboratory. The tests described apply to the main features of most types of automatic analyser, An earlier paper (Broughton et al., 1969) considered procedures for testing automated instruments in hospital biochemistry laboratories for comparison of their performance. Since then, the scheme has been applied to a variety of analysers, and modified for use with enzyme analysers, an amino acid analyser, several non-automated systems, and flame photometers (Broughton and Dawson, 1970) . A similar procedure has been recommended for instruments for haematology (Sharp, 1970) .
The most useful features of evaluation reports have been the data on precision and the summaries of users' experience ofthe dependability of instruments. Evaluations have generally been extremely timeconsuming and the information often difficult to summarise in order that comparisons can easily be made. This applies particularly to the experiments on carryover, specimen contamination, within-batch precision, and linearity. It has also proved difficult to compare running costs of new instruments owing to the variability of costing methods used and the lack of data about other procedures.
The scheme has now been modified by simplifying several tests and adding some new ones. The present paper deals with the evaluation of mechanical and electrical features; of precision and its contributory components, carryover and cross-contamination; and of accuracy and its component linearity. It also considers the long-term dependability of the equipment, problems of safety, and requirements for instruction manuals.
while adjustments are being made, and when faults such as jamming occur. All moving parts should be inspected regularly for signs of dangerous wear. Reagent reservoirs should be sited in convenient positions and the instrument protected from chemical attack from reagent spillage.
Electrical and mechanical dependability
The instrument is set up for analysis and run continuously for a period representing 1-2 years' use in a busy clinical laboratory. For many analysers this will be about 100000 cycles. To avoid waste of reagents, water may be cycled through components made from inert materials, but the appropriate reagents should be used with any units which may suffer chemical attack. When a recorder or printer is included, excessive wear at one part of the scale may be avoided by introducing a continuously varying coloured solution into the colorimeter stream during the run.
All maintenance procedures recommended by the manufacturer should be carried out regularly and expendable items replaced. During the test run a log must be kept of all incidents and any malfunctions or breakdowns reported to the manufacturer. The speed and efficiency of repair service and the availability of spare parts should be noted. Components or units which have a high failure incidence or which appear to be unsafe or of poor quality may require more detailed examination.
Observations about the general behaviour of the instrument are useful, particularly those which may improve its dependability, ease of use, precision, and safety. Providing the instrument gives satisfactory performance in these tests, a full evaluation in a clinical laboratory is warranted.
Precision and accuracy of individual units
As well as determining the precision of results obtained with the complete analytical system it is useful to make measurements on representative units or modules. The total analytical precision is determined by the sum of the variances arising from both chemical and instrumental factors. By an appropriate experimental design, it may be possible to isolate and measure variances of the various stages in the analytical process. Examples of this approach are described by Georges (1973) . Tests on instrumental components are also useful in identifying defective units and, if measurements are made before and after the test run, changes due to excessive wear may be found which are undetected by visual inspection.
Tables of mean values, slopes and intercepts, together with standard deviations (S.D.), coefficients of variation (C.V.) and other appropriate statistical derivatives should be given. Fisher's and Student's t tests for significance can be applied to some individual pairs of results, but where the experimental design gives two blocks of data, these should be submitted to analysis of variance. Any conclusions drawn from the experiments should take into account their practical effect as well as their statistical significance.
Dispensers and diluters
The precision of dispensers is measured by weighing replicate deliveries of water and, after temperature correction, calculating volumes (Broughton, Gowenlock, Widdowson, and Ahlquist, 1967) . Alternatively, water containing 22Na (or other convenient isotope) may be dispensed and 10 replicates each counted 10 times. Dispensers delivering volumes less than 1 ml are better investigated by the radioisotope method. Where very small volumes of serum or water containing 22Na are dispensed, these are diluted before counting to ensure reproducible counting geometry. In testing diluters, serum containing 22Na is dispensed with an appropriate volume of diluent for counting. Scintillation counting is done in a well crystal and the results submitted to an analysis of variance to eliminate the total counting error. If the volume can be varied, measurements are made with the largest and smallest settings recommended by the manufacturer.
With continuous flow systems, the precision of sampling with devices such as the AutoAnalyzer Type II Sampler (Technicon Instruments Ltd.) depends on the constancy of both the time and flow rate at which the sample is aspirated. The variability of sampling time is measured directly by observing the time the probe spends in the sample. If this is controlled by a mechanical device, such as a segmented cam, tests should be designed to detect any irregularities in the segments. The constancy of output of pumping is tested by repeated measurements of the flow rate over short periods (for example, 60 seconds) (McCormack and Steed, 1974) and observation of the pump rotation rate. Tests are repeated after a period of continuous pumping to detect any changes in performance (Young and Gochman, 1972) . Since the pump efficiency depends on the pump-tubing combination, measurements with tubings of different sizes and compositions under different loads are useful (Fleck et al., 1972) .
Provided that precision is satisfactory, small inaccuracies affecting both samples and standards should not affect analytical results. Consequently, accuracy is not normally tested unless the units have been preset by the manufacturer. If accurately known volumes are required, calibration may be made using the gravimetric or radioisotope techniques described above.
Heating units
Most automatic analysers include some form of heating in order that chemical reactions and processes such as dialysis can take place or measurements be made at constant temperature. It is necessary therefore to evaluate the accuracy of the nominal temperature and its precision. These will be particularly important in instruments used to assay enzymes.
Tests are made by feeding the output of a thin thermistor probe to a suitable chart recorder set so that a temperature difference of 50 covers the whole chart width, with the nominal temperature in the centre. A temperature change of 0.010 may be recorded. With discrete analysers measurements should be made within the reaction tubes by setting up the equipment at the temperature(s) stipulated by the manufacturer and inserting the probe into a tube at the beginning of the cycle. Reagents should be added as for a test and variations with time recorded. Some tests require an accurate and constant temperature for a specified period of time and these parameters should be assessed from recordings made in 10 tubes; results are expressed by their mean values and S.D.'s.
Particularly for those units which operate at an elevated temperature, the rate of temperature rise of the heating bath from cold should be determined and measurements continued for 24 hours. The mean steady temperature of the unit and the time taken to reach it should be noted, as changes in temperaturetime curves after prolonged use often indicate impending failure of the heater or thermostat.
In continuous flow analysers reactions take place within coils immersed in heating baths; the bath temperature should be measured with the thermistor probe as near to the reaction coil as possible.
Photometers and data presentation
In order to exclude variations arising from the mixing and diluting processes, the precision and linearity of response of the photometer should be tested with solutions of cobalt chloride or potassium dichromate, which obey Beer's Law at 525 nm and 460 nm respectively. Precision is measured from replicate readings on 10 suitable dilutions covering the absorbance range 0.01-1.0, resetting the instrument with a blank as recommended by the manu-facturer. The mean and S.D. for each solution are calculated. These data may also be used to check the linearity of response of the photometer.
Many instruments include a linear converter and display the photometer output in digital form as absorbance or concentration. If the output is in concentration only tests should be made over the usable range of the instrument stated by the manufacturer.
Absorption spectra of interference filters are measured with a recording spectrophotometer and any errors in the nominal wavelength of maximum transmission noted. With some instruments, such as enzyme analysers, the accuracy of absorbance and wavelength scales and cuvette pathlengths is important because a calibration standard cannot be measured at the same time. Suitable methods for checking these are described by Rand (1969) .
CLINICAL LABORATORY EVALUATION
It has been recommended (Broughton et al., 1969) that the evaluation should be made with at least one simple test (for example, total protein), a more complex method (for example, urea by the Berthelot reaction), and a method using as many facilities as possible (for example, an enzyme analysis such as alkaline phosphatase). Experience has shown that a selection of methods which test all the facilities of the instrument is preferable: the assay of total protein is thus of limited value. Most assessments have used the chemical methods recommended by the manufacturer. These may differ widely for the same test and for some enzyme methods employ different units, making comparison difficult. Some methods have proved inadequate and have been modified during the evaluation, thus making it difficult to assess the instrument independently of the methods employed.
The assessment of accuracy and precision is the most important part of the evaluation and should be made only when the user is satisfied that the instrument is performing optimally. Accuracy is probably the least accessible of the criteria by which equipment can be judged since it depends to a large extent on the chemical methods used. Manufacturers have tended to recommend methods convenient for their instruments and the accuracy of these methods has sometimes been a secondary consideration. Good equipment with poor methods (or vice versa) will produce poor results. Since much analytical equipment can be regarded as a system, involving not only instruments but also methods and often reagents, all need to be evaluated together. However, in the absence of accepted methods of proven accuracy (referee methods), comparison of the accuracy of systems often reveals differences which it is impossible to resolve. Not all analysers can be calibrated with standards analysed at the same time as specimens, and in these there are some primary instrumental factors which determine accuracy. Consequently wavelength and absorbance scales, temperatures, and times may need to be checked. The simple tests described by Young and Gochman (1972) for continuous flow analysers can be used (modified as necessary) to detect changes in the performance of individual modules which could affect the results.
A number of factors influence the precision which can be achieved and these must be controlled if comparisons between instruments are to be meaningful. Most analysers use biological specimens and measurement of precision must be made with such materials, usually serum. Many analysers avoid protein precipitation, and therefore a number of different sera should be used to give a fair representation of the effect of biological variation on any interference. As carryover (see below) is an important component of precision, the replicate samples should be arranged randomly among patients' specimens so that this factor is included. Both the S.D. and c.v. may vary with concentration, due to both chemical and instrumental causes, and assessment should therefore be made at several different concentrations.
When measuring precision, the period over which the replicate samples are analysed is important. The S.D. over long periods is usually greater than that over short periods because of the additional variability arising from different batches of reagents, standards, instrument conditions, analysts, etc. Short term changes in accuracy, arising from such causes, have the effect of worsening long term precision. The terminology used should therefore clearly indicate the nature of the series of replicates used to obtain the S.D.: the within-day S.D. is obtained from a series analysed within one day and the between-batch S.D. from replicates analysed in different batches. However, a batch is difficult to define clearly for all instruments and varies in size, so that it may be misleading to compare betweenbatch S.D. 's of different instruments. The betweenday S.D. is preferred as a clear and well defined measure of precision-that is, the S.D. obtained from analysis of one replicate on each of 20 consecutive working days.
The following sections describe the procedure used to determine precision, taking into account the various factors considered above. Methods are described for the measurement of carryover and cross-contamination, which are important contributory factors to poor precision.
Preliminary assessment ofaccuracy and precision
The object of these tests is to make a rapid assessment and from this decide whether to proceed further.
Three analyses are selected which will test the capabilities of the instrument as fully as possible and which can be conveniently and reliably made with existing routine methods. Approximately 100 randomly chosen patients' specimens are analysed in duplicate for the chosen tests on the trial instrument and by the routine methods. Duplicates must not be in adjacent positions during the analysis, and should preferably be in different batches. If this is not practical, the same experimental design must be used with the two systems. If possible the same calibration standards should be used.
The relative accuracy of the two methods is compared by plotting the mean values found for each specimen by each method and calculating the regression line. The S.D. of each method is calculated from differences between duplicates over the complete concentration range, the lower half of the range, and the upper half. The S.D.'s of each method are compared using the variance ratio test.
If the accuracy and precision of the test results compare favourably with the routine results, testing is continued. It must be emphasised that the S.D.'s found by this method apply only to these specimens and this experimental design. They must not be compared with S.D.'s obtained with different specimens or different arrangements and must not be substituted for the between-day S.D.
Determination of between-day S. D.
This is measured for each analytical method with at least three different concentrations chosen from the ranges given in the table, using either liquid or lyophilised sera. Sufficient Iyophilised serum should be reconstituted for the whole experiment; after ensuring homogeneity, serum is divided into aliquots, capped, and stored frozen until use. One aliquot of each preparation should be analysed, in a random position among patients' specimens, once daily for 20 consecutive working days. The mean, S.D., and C.V. are recorded for each preparation. If a single value lies outside 3 S.D. from the mean it is rejected and the mean, S.D., and C.V. recalculated from the 19 results. If more than one value lies outside these limits, all outliers are rejected and an equal number of new tests made; results are analysed as before.
The values found should be plotted graphically; any drift with time could be due to a change in the accuracy of the method or deterioration of the specimen. It is thus essential to make sure that the (1969) recommended measurement of carryover from readings on three successive aliquots (ar, as, as) of a serum with a high value, followed by readings on three successive aliquots (bi, bs, bs) of one with a low value. Carryover was given by k = bl -ba.
aa -ba Ten measurements were made for each analytical method and values of aa, ba, and k stated.
This method has worked well and results are usually independent of the values of a and b; no consistent differences were noted between high to low sequences and low to high ones. Carryover may often be more conveniently expressed as percentage interaction (1% = k x 1(0) (Young and Gochman, 1972) . When precision is poor or instrumental drift excessive, replicate measurements of 1 vary and may even be negative; a modified method is preferred for these situations (Broughton and Dawson, 1970) .
The importance of carryover lies in its effect on precision. With most systems the carryover varies with the test, depending on the speed of sampling and the nature of the reagents and modules employed.
Values of 5 % or more are unacceptable as they will have an adverse effect on precision; for example, when two successive samples differ by 200 mgtl, and I = 5 %, an error of 10 mg/l will be introduced into the second of these samples. Most systems tested have shown values of I of approximately 2 %, and this value has relatively little effect on precision. If carryover is constant from day to day, the formula given above can be used to correct for it.
Contamination
Broughton et al. (1969) recommended procedures for determining specimen cross-contamination and specimen-diluent contamination in all instruments. Experience has shown that these factors are usually small (0.1-20 p.l for the former and 0.05-2 pol for the latter). Specimen cross-contamination can increase carryover and it need only be measured, as described below, if 1 is greater than 2 %. Specimen-diluent contamination will not affect carry-over and is only likely to be important if a specimen is repeatedly entered by the probe for analysis of several constituents. In instruments of this type the concentration of a constituent in several specimens should be measured on their first sampling and the test repeated after the probe has entered the specimens for the maximum number of times. If, as a result of the repeated dilutions, there is a significant difference between these results, specimen diluentcontamination should be measured.
. Specimen cross-contamination
This effect arises when a small amount (volume v ml) is transferred by the sample probe of specimen A from cup A to specimen B (of volume s ml) in the next cup. It is conveniently measured by the use of radioactive labelled albumin. If specimen A has an activity of a per ml, then Total activity in specimen B = av or v = Total activity in cup B ml Activity per ml in cup A If specimen A contains 100 mg/l of a component and specimen B is water, the effect of cross-contamination is to increase B by approximately vls x 100 mg/l, Consequently its effect is greater when s is small and the concentration difference between A and B is large. The amount of crosscontamination depends on the depth to which the probe enters specimen A and, in order to record the maximum effect, tests should be made with cups filled and the probe set to penetrate almost to the bottom of the cup. Cleanliness of the probe is important, as dried deposits or grease on its outside wall will make cross-contamination larger, and the application of non-wettable agents such as silicones will reduce it. Any cleaning instructions given by the manufacturer should be followed before performing the test.
The volume of specimen adhering to the probe is less with water than serum as it depends on the surface tension. Previously (Broughton et al., 1969) cross-contamination was measured with two bovine albumin solutions (of 100 and 20 g/l), but it has been found to be independent of albumin concentration. A single albumin concentration of 70 g/l is now recommended.
(a) To half of this solution add a suitable quantity of K131J solution and mix well. (b) Arrange sample cups and tubes to receive diluted specimens in cup sequence 1*,2*, 3, 4*, 5*, 6, etc., where labelled specimens are indicated by asterisks. (c) Operate the sampling procedure in the normal way using water as diluent and collect the diluted samples in tubes. (d) Transfer the complete contents of cup 3 (and 6, 9, etc.) and tube 2 (and 5, 8, etc.), with adequate water washes, into containers for radioactive counting. (e) Specimen cross-contamination (ml) is given by Total activity in cup 3 (6, 9 etc) T=-ot.,...a-;-l-a-ct...,.iV1-,·;-:-ty:......,-in--:-tu--;be=----:2~( 5=-,--;8;-e--:t~c) x volume(ml) specimen dispensed. Report the mean of 10 values.
Specimen-diluent contamination
This effect arises when a small amount (volume v ml) of diluent is transferred from the sample probe to a specimen (volume s ml) in its cup. It is measured using a radioactive solution (of activity b per ml) as diluent. Then Total activity in specimen = bv or Total activity of specimen I v= m Activity per ml diluent The previously recommended method of measurement is unchanged except for the use of serum instead of bovine albumin solution.
(a) Fill 10 consecutive cups to the normal depth with serum. given by Total activity in sample cup Activity per ml of diluent Report the mean of 10 values. If water is the diluent and the specimen has an initial concentration of 100 mg/l of a component, the concentration after contamination becomes l00s
.
. 100 v --mg/l, a reduction of approximately --mg/I.
The effect therefore becomes larger when the cup contains a small volume of serum. If the diluent has a concentration of 100 mg/I of a component not present in serum the increase in the contaminated serum after one sampling will be approximatelỹ x 100 mg/l, This may be important if diluents s such as salt solutions are used in those analysers where the probe enters the same specimen repeatedly.
Specimen-diluent contamination arises from the small amount of diluent hanging from the probe or ejected from it by a backlash effect into the specimen. It is unlikely to be affected by the depth of probe entry into the specimen, but depends essentially on the design of the diluter. The effect on a method may depend on machine configuration and the tests described may not be directly applicable to all instruments. Consideration of the instrumental layout, the nature of the diluents, and the analyses performed should distinguish those channels which are particularly vulnerable and suggest modifications to the general test procedure.
Accuracy
Previously (Broughton et al., 1969) , two procedures for assessing accuracy were recommended: firstly, analysis of commercial control sera and comparison of results with the manufacturer's values, and secondly, analysis of patients' specimens and comparison of results with those obtained by an established routine method. Ultimately, both these procedures depend on comparison of analytical methods, and if their results differ, for most components there is no way of deciding which is correct. When referee methods of established accuracy are available they should be used for the comparison (Cali, Bowers, and Young, 1973) .
Manufacturers of control sera usually ascribe concentrations of components present from the results obtained in one or more laboratories and then taking a (weighted) mean. These values are not necessarily true values and consequently cannot be relied upon as the sole method for evaluating the accuracy of an instrument. There is the added difficulty that many analysers require calibration with serum. If a commercial product is used, the manufacturers' values may have been obtained on a similar analyser, thus perpetuating any errors inherent in that machine. If such a serum is used for testing accuracy the evaluation may merely reveal differences in the accuracy of commercial sera.
The results of Whitehead, Browning, and Gregory (1973) indicate that if a serum is analysed by a large number of laboratories there is, for some components, no significant difference between the mean values obtained with most commonly used analytical methods. Therefore, it should be possible to obtain a consensus value for a serum by analysing it in laboratories using methods which, on the average, give the same mean values. If such a serum is used in evaluating an instrument (or several instruments at different times), it must be stable and a large centralised stock kept. This serum could also be used as a standard in analysers requiring calibration with serum, and this would facilitate comparison of results between such systems.
The analysis of pure solutions of known concentration will reveal gross defects in either the instrument or the analytical method, but is of little value if similar solutions are used for calibration. Moreover, pure solutions do not contain the potentially interfering substances present in serum.
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In summary, the assessment of accuracy should be made by:
(a) Analysis of at least 100 patients' specimens, including those which are icteric, turbid, and contain drugs, and comparison of the results with those obtained by an established routine procedure, preferably a referee method.
(b) Analysis of 6-10 control sera, of different concentrations and from several manufacturers, and comparison of results with the manufacturers' stated values.
(c) Analysis of several sera, with different concentrations of the constituent(s), and comparison of the results with consensus values obtained by laboratories using approved methods.
Linearity
Linearity of calibration is an important component of accuracy. Many instruments have a 'linearised' output, and use single-or two-point calibration instead of multiple-points. Single-point calibration assumes a linear relationship passing through the origin and the calibration point and extrapolated to the limit of the range of the instrument. The limits of this extrapolation are important but rarely specified. Any error will be magnified by extrapolation, particularly if the calibration point is in the lower half of the range of the instrument. Twopoint calibration implies a straight line passing through the calibration points and extrapolated to the limits of the range, but not necessarily passing through the origin. Both calibration procedures depend on linearity which may not obtain in practice for chemical or instrumental reasons such as non-linear photometer response. Any non-linearity will introduce inaccuracies at concentrations different from the calibration concentration(s). Figures 1  and 2 show the situation for one and two-point calibration. An assessment of linearity is therefore an important part of instrument testing, and should be made with the methods and calibration procedures recommended by the manufacturer.
The following procedure uses sera to cover a concentration range extending to the top of the recommended range wherever possible. Preferably the concentrations of components other than the one under investigation should not vary greatly, but this is difficult to achieve with single-point calibration. While two different sera at opposite ends of the concentration range can be mixed in varying proportions to cover intermediate values, an assumption must then be made of the accuracy of the concentration values of the two sera. To avoid such uncertainties, it is recommended that one serum is used when assessing linearity for single-point calibration. Where two-point calibration is employed, two sera can be used without assumption of their correct values. The only assumption made in both methods is that the accuracy is satisfactory at the actual calibration point(s). Deviations from linearity introduce inaccuracy, especially at con-centrations remote from the calibration point(s), which may be at various positions in the calibration range. Consequently it is recommended that deviations from linearity be expressed as the difference from the true value at five points covering the whole range. Calibration curves may also be displayed graphically.
Procedure for single-point calibration
This uses a serum with the concentration of the constituent near the upper end of the range of the instrument. To achieve this, lyophilised serum can be reconstituted with a reduced volume of water or additional amounts of the constituent can be added.
From this serum a series of nine accurate (± 0.5 %) dilutions are prepared covering the range 10--90 % of the original concentration in equal steps. The diluent will usually be water, but any suitable aqueous solution devoid of the test substance can be used. After calibrating the instrument, duplicate samples of the serum, its dilutions, and the diluent are analysed in a regular order. The order may be single samples in ascending concentration followed by a second series of samples in descending order. The mean of the duplicate readings is then plotted against the percentage of serum in the solution and the best curve or straight line drawn through the points (Fig. 3a) . The reading (R) of the calibration standard corresponds to a concentration C, and this can be used to calculate the 'true' concentrations of the diluted serum solutions. The apparent concentrations of these solutions are read from the linear calibration curve drawn through the calibration point and the origin. Figure 3b shows a graph of apparent against 'true' concentration, and indicates the magnitude of the positive and negative errors which can arise at different concentrations; if necessary, these can be expressed in tabular form.
Procedure for two-point calibration
The range of concentrations can be prepared as before using mixtures of two sera, one with a high concentration (A) and the other (B) with a low concentration of the constituent. After calibrating the instrument, sera A and B and their 9 intermediate mixtures are analysed in duplicate as before. The mean reading of each mixture is plotted against the percentage concentration of serum A in the solution ( fig. 4) . Concentrations (C and 0) are known at the readings (R and R') corresponding to the two calibration points. Solving the simultaneous equations given in fig. 4 enables the concentrations of A and B to be calculated. This allows calculation of the 'true' concentrations of mixtures. The apparent concentrations can be read from the linear calibration curve passing through both calibration points. Results are expressed as before. Costs Broughton et al. (1969) recommended that the 'mean cost per sample' be reported, with the costs of consumables, repairs and maintenance, and staff to operate the instrument. In practice, different laboratories use different costing methods so that results may not be comparable; a more precise formulation is now proposed.
The true cost of an analysis includes a variety of indirect costs-rent, heat, light, request and report forms, the cost of specimen collection, reporting results, washing up, etc. Most of these are independent of the instruments used and would be extremely difficult to allocate between different tests or instruments within a laboratory. Consequently only direct analytical costs should be considered-that is, the costs incurred between the time at which a batch of specimens is presented to the machine for analysis and the results are displayed to or calculated by the analyst. Costs which are common to all machines are thus excluded. Additional costs incurred by one machine but not others-for example, special specimen vials, washing up, etc.-should be noted.
Consumable costs include sample cups, test tubes, recorder charts, gases, calibration standards, distilled water and, particularly for some larger instruments, electricity. Reagent costs should specify whether these were purchased ready-made in bulk or in kit form; if prepared in the laboratory, an allowance for labour should be included. The cost of repairs and maintenance is almost impossible to derive during an evaluation of a new instrument, but for most complex instruments annual servicing and maintenance costs usually amount to about 10% of the capital cost. An allowance should be made for any routine maintenance (for example, changing pump tubes) which the operator or manufacturer carries out regularly. Labour costs depend on the grades of staff involved, and during an evaluation these may be higher than the minimum required to operate the instrument routinely. Therefore labour requirements should be expressed as the man-hours required per day to analyse different numbers of specimens and also indicate the grade or mid-scale salary of the staff employed for routine use. Consumable costs may also depend on the work load, and it is suggested that both these and labour costs should be calculated for three different work loads-20,50, and 100% of the instrument's maximum daily capacity. This procedure will give a better indication of the most economical work load of an instrument and enable comparisons to be made between instruments for the same work load.
There is at present no agreed method of amortising capital costs and different authors have suggested periods of 5-10 years. It is recommended that the capital cost be stated, together with details of local taxes, import duty, and discounts. Some complex machines require special facilities and with these the cost of installation in the laboratory should be noted. If capital and installation costs are included in deriving the cost per test or specimen, all the assumptions made in this calculation must be stated. If reliable cost-benefit analyses of biochemical tests are to be made in the future it is essential that standard methods of costing different analytical procedures and instruments be devised.
Record of machine performance
As with the dependability trial, a log should be kept of all incidents which occur during the clinical evaluation and of any failures reported to the manufacturer. The speed and efficiency of the manufacturer's service should be noted. The total time during which the machine is unusable because of breakdowns should be recorded, together with the total time of operation.
Subjective assessment
Experience suggests that the acceptability of a system in a laboratory depends not only on performance data but also on subjective features which are difficult to quantify. Some analysers involve the operator in more activity than others and these are less likely to be acceptable in the laboratory, regardless of their analytical performance. The frequency of minor adjustments, the amount of noise, and other irritating characteristics should be recorded. The willingness of the manufacturer's staff not just to keep the system maintained and serviced, but to offer helpful guidance in the day to day use of the machine and to give advice on analytical methods, should be noted in the evaluation report.
Comments may need to be made on the suitability of the analytical system for clinical biochemistry. The availability of different transducers (for example, fluorimeter, flame photometer) may be important, and any special container or specimen requirements (plasma or serum) and the method of specimen identification, may influence the acceptability of the system in the laboratory. The format of any printed report it produced may determine its acceptability to clinical staff.
SAFETY IN THE LABORATORY
Once the instrument is operating in a hospital laboratory, safety problems different from those considered in the electrical and mechanical evaluation may arise because of the new working conditions, different staff, and the nature of specimens analysed. Moreover, the equipment may be sited in a building which accommodates patients, and high safety standards must therefore apply. For this reason it is particularly important that the equip ment should have warning devices which will audibly and visibly draw attention to departures from normal working. With most flame photometers there is no immediately visible evidence that the flame is burning abnormally. A 'flame out' warning device is essential, preferably with an automatic cut-off which will operate if the gas supply fails. Other equipment using gases or liquids under high pressure should be provided with similar warnings or safeguards against failure of the normal mechanism, and the evaluation should consider the effectiveness of these. During evaluation and, indeed, during subsequent normal use, a log of the hazards encountered should be kept.
During normal operation, hazards may arise from toxic or inflammable vapours and their assessment depends on the chemicals involved. Abnormal operation may result in spillage or escape of reagents which may flood the equipment and harm the operator as well as increase toxic and fire hazards. Corrosive reagents can attack machine components and the ease of limiting the damage and cleaning up spillages should be assessed.
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Serious mechanical or electrical injury is unlikely to occur with a machine which has passed the initial assessment However, minor mechanical trauma of the hands may lead to infection, and attention should be paid to this especially when working in limited space with staff relatively inexperienced in mechanical problems. Microbiological hazards mainly arise from sera containing the virus of infective or serum hepatitis. Hazards arise during loading and unloading of specimens and poor design may increase the risk of finger contamination. Aerosols can be formed when a jet of diluted serum is directed against a vessel wall, and these can sometimes be detected by examination of the suspected area with a bright light beam. The dissemination of infective agents by this method may be confirmed by running the equipment using a sample of water containing Bacillus globigii and then culturing samples of air collected in the vicinity (J. Hill and R. Blowers, personal communication). Specimen containers should be examined to ensure that they are leak-proof. During maintenance, certain infected areas of the equipment may become more hazardous, for example, when changing dialyser membranes in continuous flow systems. An assessment should be made of these hazards and a suitable code of practice evolved. Flooding, which can arise from machine faults, may further spread potentially infected material. An assessment should be made of the ease of removal of this liquid and of suitable methods for sterilising the affected area, including ease of access of sterilising agent and damage it may cause to the machinery.
INSTRUCTION MANUALS
The National Committee for Clinical Laboratory Standards (1972) has made recommendations on the information which manufacturers should provide in their instruction manuals, particularly for installation, operation, maintenance, and field repair. Environmental requirements, hazards, and methods of calibration should be specified and full diagrams (including a circuit wiring diagram) provided. Requirements for describing performance specifications are also listed.
Currently many instruction manuals lack at least some of these requirements, particularly circuit diagrams, so that instruments are frequently operated inefficiently. The universal adoption of this standard by manufacturers would help users to obtain better performance from instruments, and it is therefore suggested that instruction manuals should be examined critically as part of the evaluation.
CONCLUSIONS
The tests described should provide factual data about the performance of automated equipment. There are now available a number of competitive instruments with comparable standards of performance, at least for some tests. However, there are at present no generally accepted criteria of what constitutes good performance that could be used in judging the adequacy of individual instruments. Criteria may differ for different tests and for dif-. ferent clinical situations, although the same equipment may be used throughout. However, until some standards are formulated, each instrument can only be judged against alternative methods of analysis. With multi-channel analysers, the comparison may be between individual channels and separate alternative methods for each substance analysed, and the performance of some channels may be better than others. In the overall assessment, factors other than analytical accuracy and precision need to be considered. For example, the organisational benefits of carrying out several analyses simultaneously may be of considerable benefit in some laboratories but not in others. These considerations are less easily quantified but may be vital to decision making. Although this paper deals mainly with the measurement of accuracy and precision, the importance of the section on subjective assessment is again emphasised.
Most manufacturers appear to develop their analytical methods in isolation and with inadequate resources, and there is a surprising lack of published information about those methods which should be equally applicable to virtually all discrete analysers. An agreed testing schedule, similar to that for instruments, is required for evaluating analytical methods, including those used in automated systems.
Standard methods of costing instruments are required if evaluations are to lead to meaningful comparisons of the costs of instrumental systems and other methods of analysis. Until this is done, it is impossible to relate cost to performance, so that both manufacturers and clinical chemists will continue to seek better performance, even though this may not necessarily be desirable or may lead to disproportionately higher costs.
